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Abstract

Accessions of Vernonia anthelmintica (L.)
‘Willd. seed from India and Pakistan varied some-
what in the amt of oil that they contained, but the
oils did not vary significantly in their epoxy con-
tent. Storage of the whole seed for periods up to
three years did not affect the quality of the oil,
but the activity of the seed enzyme system seemed
to inerease with time. The data also show a rapid
development of free fatty acid once the seed is
ground. The epoxy content of low FFA Vernonia
oil and trivernolin changed only slightly when
these products were stored at room temp for six
months. However, the viscosity of the samples
that were exposed to light increased greatly in-
dicating changes in the physical nature of the
products. Similar behavior was exhibited by both
products when they were stored under nitrogen
at 100C and by trivernolin at 4C.

Introduction

HE PRODUCTS OBTAINED from controlled utilization
of the enzyme activity of Vernonia anthelmintica
(L.) Willd. seed and the methods of deactivating and

of activating the enzyme system have been investigated

and discussed previously (1,2). In these investigations
it was found that the enzyme system was very highly
active in crushed or ground seed and produced gross
changes in the composition of the oil obtained from
such seed. However, it was not known if the enzymes
were active during prolonged storage of mature whole
seed ; if so, lipolytic activity in the whole, unerushed
seed would affect adversely the composition of the oil.
Another unknown was the effect that storage had on
the epoxy content of Vernonia oil and its chief com-
ponent, trivernolin. This knowledge is essential since
these natural products are potential stabilizers and
plasticizers of poly(vinyl chloride) (3).

The purpose of this paper is to present the results
of the following studies on V. anthelmintica seed oil:
1) a comparison of the composition of the oil obtained
from several seed accessions; 2) the effect of storage
of the whole seed on the composition of the oil; and 3)
the effect of storage on the epoxy content of low free
fatty acid (FFA) Vernonia oil and trivernolin. Also,
some observations on the effect of storage of the whole
seed on the activity of the seed enzymes were made.

Experimental Procedures

Materials and Methods. Seed used in these studies
was collected in India and Pakistan. Some of the seed
was supplied by Quentin Jones of the Crops Research
Division, ARS, USDA ; some was obtained through a
commercial seed broker. Consequently, the complete
history of the seed is not known.

1 Presented at the AOCS Meeting, Minneapolis, 1963.
2 A laboratory of E. Utiliz. Res. & Dev. Div,, ARS, USDA.
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TABLE I
Comparison of Aanalyses of V. anthelmintica Seed Accessions
N . Analysis of oil?
Origimana | Moltre) 0L, ——
ate rec’d. ) Oxirane | I.V.
rec’d. | (mfb)2 | FFAc oxygen | (Wijs)
India % % % %
Feb. 1960.... 6.21 23.9 2.0- . [..3.90._| 105.8
March 1961 7.80 25.5 2.0 3.90 106.3
Aug. 1961... 9.20 23.3 2.1 3.95 104.4
July 1962.... 7.70 22.0 1.6 3.92 104.3
Pakistan
Sept. 1962.. 8.04 27.2 2.0 3.95 103.4
June 1963... 8.00 26.4 1. 3.77 106.1

a Yield obtained by exhaustive extraction of ground seed. mfb—mois-
ture free basis.

b Qil for analyses obtained by rapid extraction technique.

¢ Cale. as epoxyoleic acid.

AOCS procedures were used to obtain analytical
data. A 40-hour Soxhlet extraction using a previously
deseribed technique (4) was used to determine the amt
of oil in the seed. Since this extraction technique de-
grades the oil, composition analyses were done on oil
obtained by the rapid extraction technique (4). Meth-
ods similar to those described in our extraction studies
(5) were used to obtain the large amt of oil and tri-
vernolin needed for the storage tests.

Storage of Whole Seed. Seed was stored at 4C and

* at 27C (room temp). At 4C, the canvas bags contain-

ing seeds were put in plastic bags to protect the seeds
from moisture. At 27C, the seeds were stored in the
canvas bags without any other protective covering.

Storage of Low FFA Vernonia Oil and Trivernolin.
Low FFA Vernonia oil and trivernolin were prepared
for storage in the following three ways: 1) Samples
were sealed under a Ny atmosphere; 2) samples were
put in wide-mouthed loosely-covered containers that
allowed the products to be exposed to the surrounding
atmosphere; 3) samples to which a stabilizer, 0.3%
tert-butylhydroquinone, had been added were also put
in' wide-mouthed loosely-covered containers. Samples
from each of the above three groups were stored under
the following four conditions: exposed to light at
room temp; not exposed to light at room temp, at
100C, and at 4C.

Results and Discussion

The data in Table I show that the only significant
differences among seed accessions were in the moisture

TABLE II
Effect of Storage of Whole V. anthelmintica Seed on Oil Composition
s Oil in Analysis of oil
torage .
time Moisture (if;‘;g) FPAc | Oxirane LV.
oxygen (Wijs)
months % % % %

62 7.80 24.0 2.0 3.91 106.7
112 7.26 23.8 1.9 3.92 104.2
212 8.16 23.6 1.3 3.89 104.3
120 6.21 23.9 1.9 3.90 105.0
31b 7.96 23.2 2.0 3.88 104.9
38Pb 7.50 23.8 2.0 3.95 106.8

'a Stored at 4C.
b Stored at 27C. .
¢ Cale. as epoxyoleic .acid.



TABLE III
Effect of Storage of Whole Seed on Enzyme Activity

Whole seed stored Ggﬁe’géld FFAs
Time Temp aged in oil
months °C days %

0 4 14.5
11 4 0 1.6
21 4 0 0.5
21 4 21 49.3
21 27 0 1.3
21 27 4 22.8
21 27 21 47.9
38 27 4 27.4

a Cale. as epoxyoleic acid.

content and in the amt of oil in the seed. In general,
higher yields of oil were obtained from seed grown
in Pakistan than from seed grown in India. The
analyses of the oils of the six seed accessions show no
significant differences with respect to FFA and oxi-
rane oxygen content and iodine values (I.V.).

Storage of the whole seed at 4C for periods up to 21
months and at 27C for periods up to 38 months did
not affect the quantity or quality of the oil as shown
in Table II.

‘Whole seeds were stored at 27C and at 4C for vari-
ous times. After storage the seeds were ground ; some
of the ground seed was aged (exposed to atmospherie
conditions at room temp) before it was extracted and
some was extracted immediately (aged O days). The
data in Table ITII show that the FFA did not develop
in the intact seed during storage, but developed rap-
idly in the ground seed that was aged. In fact, this
rapid development of FFA and the higher values
obtained after the whole seeds were stored for a num-
ber of months indicates the possibility that enzyme ac-
tivity increases with storage time. However, more
complete study under carefully controlled conditions
of storage, grinding and aging would be necessary to
determine if this finding is significant.

The studies to determine the effect of storage on
the epoxy content of low FFA Vernonia oil and tri-
vernolin showed that the oxirane oxygen content
cannot be used as the sole measure of the stability of
these products. When low FFA Vernonia oil and tri-
vernolin were stored at room temp for six months, the
oxirane oxygen content of both of these products de-
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Fia. 1. The effect on the oxirane oxygen content of low FFA
Vernonia oil stored at 100C in the following ways: 1) sealed

in a nitrogen atmosphere; 2) exposed to surrounding atmo-
sphere; 3) stabilizer added, exposed to surrounding atmosphere.
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F1c. 2. The effect on the oxirane oxygen content of triver-
nolin stored at 100C in the following ways: 1) sealed in a ni-
trogen atmosphere; 2) exposed to surrounding atmosphere; 3)
stabilizer added, exposed to surrounding atmosphere.

creased a max of 2% from the original 3.82 and 5.04%,
respectively. The epoxy content of the samples that
were protected from light did not decrease as much
as that of the samples that were exposed to light.
This would not have been considered relevant because
of the very small max loss, but after six months the
viscosities of the samples that were exposed to light
had more than doubled their original values of 120.7
and 125.0 (at 26C) centistokes, respectively, while
those of the oil and trivernolin that were protected
from light had increased a max of 27% and 4%,
respectively. Also, a nitrogen atmosphere provided the

most protection against loss of oxirane oxygen. In
fact, the oil samples that were stored under nitrogen
retained their original level of epoxy component.

As shown in Figures 1 and 2, storage of low FFA
Vernonia oil and trivernolin for six months at 100C
in a nitrogen atmosphere had little effect on their
epoxy contents. Addition of a stabilizer, tert-butyl-
hydroquinone (0.3%) also prevented any appreciable
loss of epoxy from trivernolin. However, the viscosi-
ties of these samples increased greatly in six months
to 300.4, 292.1 and 298.0 centistokes, respectively. The
oil and the trivernolin that had no stabilizer added
were completely polymerized, and the oil that had
stabilizer added was too viscous to measure. The oxi-
rane oxygen content of these samples decreased con-
siderably in six months (Figs. 1 and 2).

The epoxy content of low FFA Vernonia oil was
not affected adversely by storage at 4C for six months
and had a max increase in viscosity of 21%. The epoxy
content of trivernolin decreased only 2-4%, but the
viscosities of the samples stored with and without
stabilizer increased to 215.7 and 209.7 centistokes, re-
spectively, while that of the sample stored under
nitrogen increased to 168.5.

These results show that under certain conditions of
storage Vernonia oil and trivernolin undergo changes
in their physical nature that are not always indicated
by the oxirane oxygen values. On the other hand, a
decrease in oxirane oxygen content was accompanied
by an inerease in viscosity.
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